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1
AUTOMATIC TRANSMISSION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an automatic transmission
in which a plurality of planetary gear mechanisms disposed
on an axis of an input shaft are housed in a transmission case
and a predetermined gear is established by controlling a cou-
pling relationship among elements of the plurality of plan-
etary gear mechanisms, the input shaft, and the transmission
case by using a plurality of clutches and a plurality of brakes.

2. Description of the Related Art

Japanese Patent Application Laid-open No. 2000-304107
has made known such an automatic transmission in which
differential rotation is absorbed by disposing multiple thrust
bearings between multiple rotating members configured to
rotate relative to each other about an axis of an input shaft.

SUMMARY OF THE INVENTION

Generally, helical gears with small torque fluctuation are
used as gears of the automatic transmission. However, the
helical gears have a characteristic that a thrust load in an axial
direction is generated by meshing reaction force. Accord-
ingly, in the automatic transmission in which the multiple
thrust bearings are disposed between the multiple rotating
members configured to rotate relative to each other about the
axis of the input shaft, friction of each thrust bearing support-
ing the thrust load increases and may impair advantages of a
multi-speed and wide-range automatic transmission.

The present invention has been made in view of the cir-
cumstances described above and an object thereof is to reduce
friction loss by transmitting a thrust load generated by gears
of an automatic transmission to a transmission case without
passing through bearings as much as possible.

In order to achieve the object, according to a first aspect of
the present invention, there is provided an automatic trans-
mission in which a plurality of planetary gear mechanisms
disposed on an axis of an input shaft are housed in a trans-
mission case and a predetermined gear is established by con-
trolling a coupling relationship among elements of the plu-
rality of planetary gear mechanisms, the input shaft, and the
transmission case by using a plurality of clutches and a plu-
rality of brakes, wherein the automatic transmission com-
prises, as said plurality of planetary gear mechanisms: a plan-
etary gear mechanism o including a sun gear unrotatable
relative to the input shaft; a planetary gear mechanism 3
disposed adjacent to the planetary gear mechanism a, in
which elements are rotatable relative to each other; and a
planetary gear mechanism vy disposed on an opposite side to
the planetary gear mechanism [ with the planetary gear
mechanism o interposed therebetween, in which elements are
rotatable relative to each other, the automatic transmission
further comprises: as one of said clutches, clutch o capable of
coupling a ring gear of the planetary gear mechanism v to the
input shaft; a thrust bearing a disposed between the sun gear
of the planetary gear mechanism o and a sun gear of the
planetary gear mechanism [3; and a thrust bearing 3 disposed
between a clutch hub of the clutch o and the transmission
case.

In the configuration described above, the automatic trans-
mission includes: the planetary gear mechanism o including
the sun gear unrotatable relative to the input shaft; the plan-
etary gear mechanism [} disposed adjacent to the planetary
gear mechanism «, in which the elements are rotatable rela-
tive to each other; the planetary gear mechanism y disposed
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2

on the opposite side to the planetary gear mechanism [ with
the planetary gear mechanism o interposed therebetween, in
which the elements are rotatable relative to each other; and
the clutch a capable of coupling the ring gear of the planetary
gear mechanism vy to the input shaft. The automatic transmis-
sion includes the thrust bearing o disposed between the sun
gear of the planetary gear mechanism o and the sun gear of
the planetary gear mechanism 3. Accordingly, transmitting a
thrust load acting on the sun gear of the planetary gear mecha-
nism [} from the thrust bearing o to the input shaft via the sun
gear of the planetary gear mechanism o can avoid, as much as
possible, a case where the thrust load is transmitted from the
planetary gear mechanism a to the input shaft via the plan-
etary gear mechanism v, and reduce friction loss of multiple
thrust bearings interposed among elements or the like of the
planetary gear mechanism o and the planetary gear mecha-
nism Y. In addition, since the automatic transmission includes
the thrust bearing [ disposed between the clutch hub of the
clutch a and the transmission case, the thrust load transmitted
to the input shaft can be supported by the transmission case
via the thrust bearing 3.

According to a second aspect of the present invention, in
addition to the first aspect, there is provided the automatic
transmission further comprising: a first member extending
inward in a radial direction from the ring gear of the planetary
gear mechanism v; a second member fixed between the clutch
hub of the clutch o and the first member to be unrotatable
relative to the input shaft and extending outward in the radial
direction; and a thrust bearing y disposed between the first
member and the second member.

In the configuration described above, since the automatic
transmission includes: the first member extending inward in
the radial direction from the ring gear of the planetary gear
mechanism y; the second member fixed between the clutch
hub of the clutch o and the first member to be unrotatable
relative to the input shaft and extending outward in the radial
direction; and the thrust bearing y disposed between the first
member and the second member, the thrust load acting on the
ring gear of the planetary gear mechanism y can be directly
transmitted to and supported by the input shaft.

According to a third aspect of the present invention, in
addition to the second aspect, a distance from a load trans-
mitting surface, where a thrust load is transmitted from the
sun gear of the planetary gear mechanism f§ to the thrust
bearing o, to a load receiving surface, where the second
member receives the thrust load from the thrust bearing v, is
set to be greater than a sum of axial lengths of a plurality of
parts disposed between the load transmitting surface and the
load receiving surface.

In the configuration described above, since the distance
from the load transmitting surface, where the thrust load is
transmitted from the sun gear of the planetary gear mecha-
nism f to the thrust bearing ¢, to the load receiving surface,
where the second member receives the thrust load from the
thrust bearing v, is set to be greater than the sum of the axial
lengths of the plurality of parts disposed between the load
transmitting surface and the load receiving surface, a situa-
tion where the thrust load of the sun gear of the planetary gear
mechanism [ is transmitted to the input shaft via the plurality
of parts can be avoided and friction can be surely reduced.

According to a fourth aspect of the present invention, in
addition to any one of the first to third aspects, there is pro-
vided the automatic transmission further comprising a con-
nection member fitted to an outer periphery of the input shaft
to be rotatable relative thereto and connecting a carrier of the
planetary gear mechanism y and a carrier of the planetary gear
mechanism o to each other, wherein an outer periphery spline
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configured to be fitted to an inner periphery spline of the
carrier of the planetary gear mechanism c is formed in one
end portion of the connection member in the axial direction,
and an inner radius of the inner periphery spline is larger than
an outer radius of the sun gear of the planetary gear mecha-
nism o.

In the configuration described above, the automatic trans-
mission includes the connection member fitted to the outer
periphery ofthe input shaft to be rotatable relative thereto and
connecting the carrier of the planetary gear mechanism y and
the carrier of the planetary gear mechanism c to each other,
the outer periphery spline configured to be fitted to the inner
periphery spline of the carrier of the planetary gear mecha-
nism o is formed in the one end portion of the connection
member in the axial direction, and the inner radius of the inner
periphery spline is larger than the outer radius of the sun gear
of the planetary gear mechanism a. Accordingly, when the
planetary gear mechanism o is fitted to the outer periphery of
the input shaft to which the connection member is assembled
in advance and the inner periphery spline of the carrier of the
planetary gear mechanism o is coupled to the outer periphery
spline of the connection member, it is possible to avoid a
situation where the inner periphery spline of the carrier inter-
feres with the sun gear of the planetary gear mechanism e and
cannot be assembled.

According to a fifth aspect of the present invention, in
addition to the third aspect, a shim is disposed between a sun
gear of the planetary gear mechanism v and a second trans-
mission member of a clutch [} capable of coupling a ring gear
of the planetary gear mechanism o and the sun gear of the
planetary gear mechanism y to each other.

In the configuration described above, since the shim is
disposed between the sun gear of the planetary gear mecha-
nism y and the second transmission member of the clutch
capable of coupling the ring gear of the planetary gear mecha-
nism o and the sun gear of the planetary gear mechanism y to
each other, the insertion of the shim does not affect relative
distances among elements of the planetary gear mechanism y
ordistances among elements ofthe clutch . In addition, since
the shim can be disposed by using a dead space between the
planetary gear mechanism vy and the clutch f§, increase of an
axial dimension of the automatic transmission can be sup-
pressed to a minimum.

According to a sixth aspect of the present invention, in
addition to the first aspect, there is provided the automatic
transmission further comprising a first connection member
connecting a ring gear of the planetary gear mechanism e and
a sun gear of planetary gear mechanism [} to each other,
wherein the clutch a is disposed on an opposite side to the
planetary gear mechanism o with the planetary gear mecha-
nism y interposed therebetween, the thrust bearing { is dis-
posed between the clutch hub of the clutch a and the trans-
mission case, the thrust bearing o includes a thrust bearing o'
disposed between the first connection member and a carrier of
the planetary gear mechanism «, and the ring gear of the
planetary gear mechanism o and the sun gear of the planetary
gear mechanism [ are formed of helical gears and generate
thrust loads of directions opposite to each other.

In the configuration described above, since the ring gear of
the planetary gear mechanism o and the sun gear of the
planetary gear mechanism f are formed of the helical gears
and generate thrust loads of directions opposite to each other,
the two thrust loads can be canceled each other out in the first
connection member. Hence, it is possible to reduce friction
and loads received by the thrust bearing o (T8) and the thrust
bearing ' (T7). Moreover, a difference between the thrust
load of'the sun gear of the planetary gear mechanism f§ and the
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thrust load of the ring gear of the planetary gear mechanism o
is transmitted to the input shaft through the shortest route via
the thrust bearing o' (T7), the thrust bearing o (T8), and the
sun gear of the planetary gear mechanism «, and is then
transmitted from the input shaft to the transmission case via
the thrust bearing y (T13). Accordingly, the thrust load is
prevented from being transmitted through the other thrust
bearings and the friction can be thereby reduced.

According to a seventh aspect of the present invention, in
addition to the sixth aspect, there is provided the automatic
transmission further comprising: a planetary gear mechanism
d disposed on the opposite side to the planetary gear mecha-
nism o with the planetary gear mechanism [} interposed ther-
ebetween; a second connection member connecting a ring
gear of the planetary gear mechanism 3 and the carrier of the
planetary gear mechanism o to each other; and a thrust bear-
ing d disposed between the second connection member and a
sun gear of the planetary gear mechanism 9, wherein the ring
gear of the planetary gear mechanism 0 formed of a helical
gear generates a thrust load acting toward an opposite side to
the planetary gear mechanism [3, and the sun gear of the
planetary gear mechanism d formed of a helical gear gener-
ates a thrust load acting toward the planetary gear mechanism

In the configuration described above, the automatic trans-
mission includes: the planetary gear mechanism d disposed
on the opposite side to the planetary gear mechanism o with
the planetary gear mechanism f} interposed therebetween; the
second connection member connecting the ring gear of the
planetary gear mechanism d and the carrier of the planetary
gear mechanism o to each other; and the thrust bearing o (T4,
T6) disposed between the second connection member and the
sun gear of the planetary gear mechanism 0. The ring gear of
the planetary gear mechanism 9 formed of the helical gear
generates the thrust load acting toward the opposite side to the
planetary gear mechanism 3 and the sun gear of the planetary
gear mechanism d formed of the helical gear generates the
thrust load acting toward the planetary gear mechanism f.
Accordingly, the two thrust loads can be canceled each other
out in the thrust bearing 6 (T4, T6) and be prevented from
being transmitted to the other planetary gear mechanisms and
the transmission case via the second connection member.

According to an eighth aspect of the present invention, in
addition to the seventh aspect, there is provided the automatic
transmission further comprising: a third connection member
connected to a sun gear of the planetary gear mechanism y; a
fourth connection member disposed between the planetary
gear mechanism v and the clutch o and extending inward in
the radial direction from the ring gear of the planetary gear
mechanism vy; a transmission member fixedly provided on the
input shaft; a thrust bearing e disposed between the third
connection member and the carrier of the planetary gear
mechanism «; a thrust bearing € disposed between the sun
gear and a carrier of the planetary gear mechanism y; and a
thrust bearing 1 disposed between the carrier of the planetary
gear mechanism y and the fourth connection member,
wherein the thrust bearing y is disposed between the fourth
connection member and the transmission member, and the
ring gear of the planetary gear mechanism y formed of a
helical gear generates a thrust load acting toward the plan-
etary gear mechanism o and the sun gear of the planetary gear
mechanism y formed of a helical gear generates a thrust load
acting toward the clutch a.

In the configuration described above, the automatic trans-
mission includes: the third connection member connected to
the sun gear of the planetary gear mechanism vy; the fourth
connection member disposed between the planetary gear



US 9,255,627 B2

5

mechanism y and the clutch and extending inward in the radial
direction from the ring gear of the planetary gear mechanism
v; the transmission member disposed between the fourth con-
nection member and the clutch and fixedly provided on the
input shaft; the thrust bearing e (T9) disposed between the
third connection member and the carrier of the planetary gear
mechanism «; the thrust bearing T (T10) disposed between
the sun gear and the carrier of the planetary gear mechanism
v; and the thrust bearing ) (T11) disposed between the carrier
of the planetary gear mechanism y and the fourth connection
member, and the thrust bearing y (T12) is disposed between
the fourth connection member and the transmission member.

The ring gear of the planetary gear mechanism y formed of
the helical gear generates the thrust load acting toward the
planetary gear mechanism o and the sun gear of the planetary
gear mechanism y formed of the helical gear generates the
thrust load acting toward the clutch. Accordingly, the two
thrust loads can be canceled each other out in the thrust
bearing T (T10) and the thrust bearing 1 (T11). Hence, no
load is applied to the thrust bearing y (T12) whose number of
relative revolutions is high in high gears and the friction can
be thereby effectively reduced.

According to a ninth aspect of the present invention, in
addition to the seventh or eighth aspect, the planetary gear
mechanism ¢, the planetary gear mechanism f3, the planetary
gear mechanism vy, and the planetary gear mechanism d are all
single-pinion planetary gear mechanisms, and sun gears of
the four planetary gear mechanisms each generate a thrust
load acting toward the clutch a.

In the configuration described above, the planetary gear
mechanism ¢, the planetary gear mechanism f3, the planetary
gear mechanism vy, and the planetary gear mechanism d are all
single-pinion planetary gear mechanisms, and the sun gears
of the four planetary gear mechanisms each generate the
thrust load acting toward the clutch. Accordingly, the thrust
load generated by the sun gear of the planetary gear mecha-
nism vy is prevented from being transmitted through the plan-
etary gear mechanism o, the planetary gear mechanism 3, and
the planetary gear mechanism 0 and the friction of each of the
thrust bearings existing in a transmission route of this thrust
load can be prevented from increasing.

A first planetary gear mechanism PGSa of an embodiment
corresponds to the planetary gear mechanism 8 of the present
invention.

A second planetary mechanism PGSb of the embodiment
corresponds to the planetary gear mechanism [3 of the present
invention.

A third planetary mechanism PGSc of the embodiment
corresponds to the planetary gear mechanism o of the present
invention.

A fourth planetary mechanism PGSd of the embodiment
corresponds to the planetary gear mechanism y of the present
invention.

A second clutch C2 of the embodiment corresponds to the
clutch § of the present invention.

A third clutch C3 of the embodiment corresponds to the
clutch a of the present invention.

A fourth thrust bearing T4 and a sixth thrust bearing T6 of
the embodiment correspond to the thrust bearing & of the
present invention.

A seventh thrust bearing T7 of the embodiment corre-
sponds to the thrust bearing o or the thrust bearing o' of the
present invention.

An eighth thrust bearing T8 of the embodiment corre-
sponds to the thrust bearing o of the present invention.

A ninth thrust bearing T9 of the embodiment corresponds
to the thrust bearing € of the present invention.
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A tenth thrust bearing T10 of the embodiment corresponds
to the thrust bearing C of the present invention.

An eleventh thrust bearing T11 of the embodiment corre-
sponds to the thrust bearing m of the present invention.

A twelfth thrust bearing T12 of the embodiment corre-
sponds to the thrust bearing y of the present invention.

A thirteenth thrust bearing T13 of the embodiment corre-
sponds to the thrust bearing  of the present invention.

A connection member 27 of the embodiment corresponds
to the second connection member of the present invention.

A connection member 28 of the embodiment corresponds
to the first connection member of the present invention.

A clutch drum 31 of the embodiment corresponds to the
second transmission member or the third connection member
of the present invention.

A clutch drum 39 of the embodiment corresponds to the
first member or the fourth connection member of the present
invention.

A clutch hub 40 of the embodiment corresponds to the first
transmission member of the present invention.

A thrust plate 49 of the embodiment corresponds to the
second member or the transmission member of the present
invention.

The above and other objects, characteristics and advan-
tages of the present invention will be clear from detailed
descriptions of the preferred embodiment which will be pro-
vided below while referring to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a skeleton view of an automatic transmission.

FIG. 2 is a detailed view of a portion 2 in FIG. 1.

FIG. 3 is a detailed view of a portion 3 in FIG. 1.

FIG. 4 is a collinear chart of first to fourth planetary gear
mechanisms.

FIG. 5 is an engagement table of clutches and brakes.

FIG. 6 is an operation explanatory view in assembly of the
automatic transmission.

FIG. 7 is a table showing directions of torques of sun gears
of the first to fourth planetary gear mechanisms in each of
gears.

FIG. 8 is a table showing magnitudes of differential rota-
tions of first to thirteenth thrust bearings in each of the gears.

FIG. 9 is a table showing magnitudes of thrust loads of the
first to thirteenth thrust bearings in each of the gears.

FIG. 10 is a table showing ratios of the thrust loads of the
first to fourth planetary gear mechanism in each of the gears.

FIG. 11 is a view showing transmission routes of thrust
loads F2, F3.

FIG. 12 is a view showing transmission routes of thrust
loads F1, F2, F3.

FIG. 13 is a view showing transmission routes of thrust
loads F1, F2, F3, F4 in sixth, seventh, ninth, and tenth gears.

FIG. 14 is a view showing a comparative example corre-
sponding to FIG. 13.

FIG. 15 is a view showing transmission routes of thrust
loads F1, F2, F3, F4 in third and fourth gears.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

An embodiment of the present invention is described below
based on FIGS. 1 to 15.

First, a structure of an automatic transmission T with ten
forward gears and one reverse gear is described based on a
skeleton view of FIG. 1 and detailed views of FIGS. 2 and 3.
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A crankshaft 11 of an engine E is connected to an input
shaft 12 of the automatic transmission T via a torque con-
verter TC. A first planetary gear mechanism PGSa, a second
planetary gear mechanism PGSb, a third planetary gear
mechanism PGSc, and a fourth planetary gear mechanism
PGSd are arranged on an outer periphery of the input shaft 12
in this order from a side closer to the engine E (right side in the
drawing) to a side farther from the engine E (left side in the
drawing). Moreover, a first clutch C1, a second clutch C2, a
third clutch C3, a first brake B1, a second brake B2, a third
brake B3, and a fourth brake B4 are provided to establish each
of gears by switching coupling relationships among elements
of'the first to fourth planetary gear mechanisms PGSa, PGSb,
PGSc, PGSd. The second brake B2 is formed of a two-way
clutch and a direction of relative rotation in which the two-
way clutch is engaged can be arbitrarily changed. The other
clutches and brakes are formed of wet multi-plate clutches
and brakes.

The single-pinion first planetary gear mechanism PGSa
includes a first sun gear Sa, a first carrier Ca, a first ring gear
Ra, and multiple first pinions Pa. The first pinions Parotatably
supported by the first carrier Ca simultaneously mesh with the
first sun gear Sa and the first ring gear Ra.

The first sun gear Sa can be coupled to a transmission case
13 via the first brake B1. Specifically, the first brake Bl
includes a brake hub 14 integral with the first sun gear Sa,
multiple friction engagement elements 15 disposed between
the brake hub 14 and the transmission case 13, and a brake
piston 16 disposed in the transmission case 13 to be slidable
in an axial direction. When the brake piston 16 is driven by
hydraulic pressure supplied to an oil chamber 17 and the
friction engagement elements 15 are thereby engaged with
each other, the first sun gear Sa is coupled to the transmission
case 13.

Although the transmission case 13 is actually formed of
multiple members, the transmission case 13 is illustrated as
one member in the drawings for the sake of convenience.
Moreover, in the specification, a stator shaft 19 fixed to a
torque converter case 18 is also part of the transmission case
13.

A connection member 20 extending outward in a radial
direction from the first carrier Ca can be coupled to the trans-
mission case 13 via the second brake B2. Moreover, the first
carrier Ca can be coupled to the input shaft 12 via the first
clutch C1. Specifically, the first clutch C1 includes a clutch
hub 22 connected to an inner end of the first carrier Ca in the
radial direction via a connection member 21, a clutch drum 23
fixed to the input shaft 12, multiple friction engagement ele-
ments 24 disposed between the clutch hub 22 and the clutch
drum 23, and a clutch piston 25 slidably disposed inside the
clutch drum 23. When the clutch piston 25 is driven by
hydraulic pressure supplied to an oil chamber 26 and the
friction engagement elements 24 are thereby engaged with
each other, the first carrier Ca is coupled to the input shaft 12.

The first ring gear Ra is connected to a third carrier Cc of
the third planetary gear mechanism PGSc to be described
later, via a connection member 27.

The single-pinion second planetary gear mechanism PGSb
includes a second sun gear Sb, a second carrier Cb, a second
ring gear Rb, and multiple second pinions Pb. The second
pinions Pb rotatably supported by the second carrier Ch
simultaneously mesh with the second sun gear Sb and the
second ring gear Rb.

The second sun gear Sb is connected to a third ring gear Re
of the third planetary gear mechanism PGSc to be described
later via a connection member 28. The second carrier Cb is
integrally connected to the first carrier Ca of the first planetary
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gear mechanism PGSa via the connection member 20 and can
be coupled to the transmission case 13 via the second brake
B2. An output gear 29 is formed integrally with the second
ring gear Rb and is rotatably supported by the transmission
case 13 via a pair of ball bearings 30.

The single-pinion third planetary gear mechanism PGSc
includes a third sun gear Sc, the third carrier Cc, the third ring
gear Re, and multiple third pinions Pc. The third pinions Pc
rotatably supported by the third carrier Cc simultaneously
mesh with the third sun gear Sc and the third ring gear Rc.

The third sun gear Sc is integrally coupled to the input shaft
12. The third carrier Cc is connected to the first ring gear Ra
of the first planetary gear mechanism PGSa via the connec-
tion member 27. The third ring gear Rc can be coupled to a
clutch drum 31 connected to a fourth sun gear Sd of the fourth
planetary gear mechanism PGSd to be described later, via the
second clutch C2. Specifically, the second clutch C2 includes
multiple friction engagement elements 32 disposed between
the third ring gear Rc and the clutch drum 31 and a clutch
piston 33 slidably disposed inside the clutch drum 31. When
the clutch piston 33 is driven by hydraulic pressure supplied
to an oil chamber 34 and the friction engagement elements 32
are thereby engaged with each other, the third ring gear Rc of
the third planetary gear mechanism PGSc is coupled to the
fourth sun gear Sd of the fourth planetary gear mechanism
PGSd.

The single-pinion fourth planetary gear mechanism PGSd
includes the fourth sun gear Sd, a fourth carrier Cd, a fourth
ring gear Rd, and multiple fourth pinions Pd. The fourth
pinions Pd rotatably supported by the fourth carrier Cd simul-
taneously mesh with the fourth sun gear Sd and the fourth ring
gear Rd.

The clutch drum 31 connected to the fourth sun gear Sd can
be coupled to the transmission case 13 via the third brake B3.
Specifically, the third brake B3 includes multiple friction
engagement elements 35 disposed between the clutch drum
31 and the transmission case 13 and a brake piston 36 slidably
disposed inside the transmission case 13. When the brake
piston 36 is driven by hydraulic pressure supplied to an oil
chamber 37 and the friction engagement elements 35 are
thereby engaged with each other, the fourth sun gear Sd is
coupled to the transmission case 13.

The fourth carrier Cd is connected to the third carrier Cc of
the third planetary gear mechanism PGSc via a connection
member 38. The fourth ring gear Rd can be coupled to the
input shaft 12 via the third clutch C3. Specifically, the third
clutch C3 includes a clutch drum 39 integrally connected to
the fourth ring gear Rd, a clutch hub 40 integrally connected
to the input shaft 12, multiple friction engagement elements
41 disposed between the clutch drum 39 and the clutch hub
40, and a clutch piston 42 slidably disposed inside the clutch
drum 39. When the clutch piston 42 is driven by hydraulic
pressure supplied to an oil chamber 43 and the friction
engagement elements 41 are thereby engaged with each other,
the fourth ring gear Rd is coupled to the input shaft 12.

Furthermore, the fourth ring gear Rd can be coupled to the
transmission case 13 via the fourth brake B4. Specifically, the
fourth brake B4 includes multiple friction engagement ele-
ments 44 disposed between the clutch drum 39 and the trans-
mission case 13 and a brake piston 45 slidably disposed inside
the transmission case 13. When the brake piston 45 is driven
by hydraulic pressure supplied to an oil chamber 46 and the
friction engagement elements 44 are thereby engaged with
each other, the fourth ring gear Rd is coupled to the transmis-
sion case 13.

A shaft end on the engine E side of the input shaft 12 is
directly supported by the stator shaft 19 forming part of the
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transmission case 13, via a ball bearing 47. Meanwhile, a
shaft end on the opposite side to the engine E of the input shaft
12 is supported in such a way that the clutch hub 40 fixed to
the shaft end on the opposite side is supported by the trans-
mission case 13 via a ball bearing 48.

The gears of the first planetary gear mechanism PGSa, the
second planetary gear mechanism PGSb, the third planetary
gear mechanism PGSc, and the fourth planetary gear mecha-
nism PGSd are formed of helical gears to reduce fluctuations
of transmission torques. However, since thrust force in the
axial direction acts on each of the helical gears due to meshing
reaction force, 13 thrust bearings are disposed between the
members rotating relative to one another.

A first thrust bearing T1 is disposed between the clutch
drum 23 of'the first clutch C1 and the stator shaft 19 forming
part of the transmission case 13. A second thrust bearing T2 is
disposed between the clutch drum 23 and the clutch hub 22 of
the first clutch C1. A third thrust bearing T3 is disposed
between the clutch hub 22 and the first sun gear Sa of the first
planetary gear mechanism PGSa. A fourth thrust bearing T4
is disposed between the first sun gear Sa and the first carrier
Ca of the first planetary gear mechanism PGSa. A fifth thrust
bearing T5 is disposed between the connection member 27
connected to the first ring gear Ra of the first planetary gear
mechanism PGSa and the second sun gear Sb of the second
planetary gear mechanism PGSb. A sixth thrust bearing T6 is
disposed between the connection member 27 and the first
carrier Ca of the first planetary gear mechanism PGSa.

A seventh thrust bearing T7 is disposed between the second
sun gear Sb of the second planetary gear mechanism PGSb
and the third carrier Cc of the third planetary gear mechanism
PGSc. An eighth thrust bearing T8 is disposed between the
third carrier Cc and the third sun gear Sc of the third planetary
gear mechanism PGSc. A ninth thrust bearing T9 is disposed
between the third carrier Cc and the clutch drum 31 of the
second clutch C2. A tenth thrust bearing T10 is disposed
between the fourth sun gear Sd and the fourth carrier Cd of the
fourth planetary gear mechanism PGSd. An eleventh thrust
bearing T11 is disposed between the fourth carrier Cd and the
clutch drum 39 of'the third clutch C3. A twelfth thrust bearing
T12 is disposed between the clutch drum 39 and a thrust plate
49 fixed to the input shaft 12. A thirteenth thrust bearing T13
is disposed between the clutch hub 40 of the third clutch C3
and the transmission case 13.

A shim 50 (see FIG. 3) is disposed between the fourth sun
gear Sd of the fourth planetary gear mechanism PGSd and the
clutch drum 31 of the second clutch C2. The first carrier Ca of
the first planetary gear mechanism PGSa and the connection
member 21 extending leftward in the drawing from the clutch
hub 22 of the first clutch C1 abut on each other in an abutting
portion 51 (see FIG. 2). A shim 52 (see FIG. 2) for adjusting
dimensional errors of respective parts stacked on the input
shaft 12 is disposed between the first thrust bearing T1 and the
clutch drum 23 of the first clutch C1.

A distance L1 from a load transmitting surface P1, where
thrust load is transmitted from the second sun gear Sb of the
second planetary gear mechanism PGSb to the seventh thrust
bearing T7, to a load receiving surface P2, where the thrust
plate 49 receives the thrust load from the twelfth thrust bear-
ing T12, is set to be greater than a sum of axial lengths of
multiple parts disposed between the load transmitting surface
P1 and the load receiving surface P2, i.e. the seventh thrust
bearing T7, the third carrier Cc of the third planetary gear
mechanism PGSc, the ninth thrust bearing T9, the clutch
drum 31 of the second clutch C2, the shim 50, the fourth sun
gear Sd of the fourth planetary gear mechanism PGSd, the
tenth thrust bearing T10, the fourth carrier Cd of the fourth
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planetary gear mechanism PGSd, the eleventh thrust bearing
T11, the clutch drum 39 of the third clutch C3, and the twelfth
thrust bearing T12 (see FIG. 3).

An outer periphery spline SPo formed on an outer periph-
eral surface of a right end, in the drawing, of the connection
member 38 connected to the fourth carrier Cd of the fourth
planetary gear mechanism PGSd and an inner periphery
spline SPi formed on an inner peripheral surface of a left end,
in the drawing, of the third carrier Cc of the third planetary
gear mechanism PGSc mesh with each other (see FIG. 6). An
inner radius rl of the inner periphery spline SPi of the third
carrier Cc is set to be greater than an outer radius r2 of the
third sun gear Sc of the third planetary gear mechanism PGSc.

A distance [.2 from a load transmitting surface P3, where
the thrust load is transmitted from the first carrier Ca of the
first planetary gear mechanism PGSa to the fourth thrust
bearing T4, to a load receiving surface P4, where the clutch
hub 22 of the first clutch C1 receives the thrust load from the
third thrust bearing T3, is set to be greater than a sum of axial
lengths of the fourth thrust bearing T4, the first sun gear Sa of
the first planetary gear mechanism PGSa, and the third thrust
bearing T3 (see FIG. 2).

FIG. 4 is a collinear chart of the first to fourth planetary
gear mechanisms PGSa, PGSb, PGSc, PGSd and four parts in
the collinear chart shows respectively the fourth planetary
gear mechanism PGSd, the third planetary gear mechanism
PGSc, the first planetary gear mechanism PGSa, and the
second planetary gear mechanism PGSb in this order from the
top to the bottom.

For example, a gear ratio of the first planetary gear mecha-
nism PGSa shown in the third part from the top is h and a ratio
of the distance between the first sun gear Sa and the first
carrier Ca to the distance between the first carrier Ca and the
first ring gear Ra is set to h:1. Similarly, a gear ratio of the
second planetary gear mechanism PGSb is i, a gear ratio of the
third planetary gear mechanism PGSc is j, and a gear ratio of
the fourth planetary gear mechanism PGSd is k.

A horizontal line on the upper side out of two parallel
horizontal lines in each of the four parts in the collinear chart
means that a rotation speed is “1” (the same rotation speed as
the input shaft 12) while a horizontal line on the lower side out
of'the two horizontal lines means that the rotation speed is “0”
(stopped). Moreover, each of speed lines drawn by broken
lines indicates that a corresponding one of the first to fourth
planetary gear mechanisms PGSa, PGSb, PGSc, PGSd idles
while following another planetary gear mechanism which
transmits power.

FIG. 7 shows a direction of torque acting on each of the first
to fourth sun gears Sa, Sb, Sc, Sd of the first planetary gear
mechanism PGSa, the second planetary gear mechanism
PGSb, the third planetary gear mechanism PGSc, and the
fourth planetary gear mechanism PGSd. Symbol “+” indi-
cates that the direction of the torque is the same as a direction
of'torque of the engine E while symbol “~” indicates that the
direction of the torque is opposite to that of the torque of the
engine E. A direction of a thrust load acting on each of the first
to fourth sun gears Sa, Sb, Sc, Sd which are formed ofhelical
gears is determined depending on the direction of the torque.

A thrust load acting leftward in the drawing acts on the first
sun gear Sa of the first planetary gear mechanism PGSa in a
first gear to a fifth gear while no thrust load acts thereon in the
other gears. A thrust load acting leftward in the drawing acts
on the second sun gear Sb of the second planetary gear
mechanism PGSb in all of the forward gears while a thrust
load acting rightward in the drawing acts thereon in the
reverse gear. A thrust load acting leftward in the drawing acts
on the third sun gear Sc of the third planetary gear mechanism
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PGSc in all forward gears except for an eighth gear while a
thrust load acting rightward in the drawing acts thereon in the
reverse gear. A thrust load acting leftward in the drawing acts
on the fourth sun gear Sd of the fourth planetary gear mecha-
nism PGSd in a sixth gear, a seventh gear, a ninth gear, and a
tenth gear while a thrust load acting rightward in the drawing
acts thereon in a third gear, a fourth gear, and the reverse gear.

FIG. 8 shows an example of differential rotation of the first
to thirteenth thrust bearings T1 to T13 in each gear and 1,000
rpm corresponds to differential rotation between the input
shaft 12 and the transmission case 13. For example, differen-
tial rotation between the first thrust bearing T1 and the thir-
teenth thrust bearing T13 which are disposed between the
input shaft 12 and the transmission case 13 is 1,000 rpm.

FIG. 9 shows an example of thrust loads acting on the first
to thirteenth thrust bearings T1 to T13 in each gear. Since the
thrust loads acting on the first to thirteenth thrust bearings T1
to T13 vary depending on torsion angles of gears, FIG. 9
shows an example of the thrust loads.

Since the sun gear and the ring gear of each single-pinion
planetary gear mechanism mesh with common pinions, thrust
loads received by the sun gear and the ring gear are loads of
the same magnitude in directions opposite to each other. FIG.
10 shows thrust loads F1 of the first sun gear Sa and the first
ring gear Ra of the first planetary gear mechanism PGSa,
thrust loads F2 of the second sun gear Sb and the second ring
gear Rb of the second planetary gear mechanism PGSb, thrust
loads F3 of the third sun gear Sc and the third ring gear Rc of
the third planetary gear mechanism PGSc, and thrust loads F4
of the fourth sun gear Sd and the fourth ring gear Rd of the
fourth planetary gear mechanism PGSd, in each gear. Note
that numeric values of F1 to F4 in FIG. 10 show magnitudes
of the loads relative to each other.

Next, description is given of the embodiment of the present
invention including the configuration described above.

First, a torque flow in each gear is described based on the
skeleton view of FIG. 1, the collinear chart of FIG. 4, and the
engagement table of FIG. 5. Circle signs in the engagement
table of FIG. 5 each indicate that the corresponding clutch or
brake is in an engaged state. Moreover, since the second brake
B2 is formed of the two-way clutch, the second brake B2 can
be switched between a forward rotation preventing state F and
a reverse rotation preventing state R. The underlined F and R
indicate that the rotation speeds of the first carrier Ca and the
second carrier Cb become “0” due to an operation of the
second brake B2.

When the first gear is established, the first brake B1 is
engaged, the second brake B2 is set to the reverse rotation
preventing state, and the third brake B3 is engaged. Setting
the second brake B2 to the reverse rotation preventing state
prevents reverse rotation of the first carrier Ca and the second
carrier Cb. Engaging the first brake B1 causes the rotation
speed of the first sun gear Sa to become “0”. The three
elements of'the first planetary gear mechanism PGSa are thus
set to a locked state in which the elements cannot rotate
relative to each other, and the rotation speeds of the first ring
gear Ra, the third carrier Cc, and the fourth carrier Cd also
become “0”. As a result, the rotation speed of the second ring
gear Rb to which the output gear 29 is connected becomes
“Ist” shown in FIG. 4 and the first gear is established.

Although there is no need to engage the third brake B3 to
establish the first gear, shifting from the first gear to the
second gear can be smoothly performed by engaging the third
brake B3 in advance while the first gear is established. More-
over, in a case where activation of engine brake is required in
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the first gear, the second brake B2 can be switched from the
reverse rotation preventing state to the forward rotation pre-
venting state.

When the second gear is established, the first brake B1 is
engaged, the second brake B2 is set to the reverse rotation
preventing state, the third brake B3 is engaged, and the second
clutch C2 is engaged. Setting the second brake B2 to the
reverse rotation preventing state allows the forward rotation
of'the first carrier Ca and the second carrier Cb. Engaging the
first brake B1 causes the rotation speed of the first sun gear Sa
to become “0”. Engaging the third brake B3 causes the rota-
tion speed of the fourth sun gear Sd to become “0”. Engaging
the second clutch C2 causes the rotation speeds of the third
ring gear Rc and the second sun gear Sb to become “0” which
is the same speed as the rotation speed of the fourth sun gear
Sd. As a result, the rotation speed of the second ring gear Rb
to which the output gear 29 is connected becomes ‘“2nd”
shown in FIG. 4 and the second gear is established.

When the third gear is established, the first brake B1 is
engaged, the second brake B2 is set to the reverse rotation
preventing state, the third brake B3 is engaged, and the third
clutch C3 is engaged. Setting the second brake B2 to the
reverse rotation preventing state allows the forward rotation
of'the first carrier Ca and the second carrier Cb. Engaging the
first brake B1 causes the rotation speed of the first sun gear Sa
to become “0”. Engaging the third brake B3 causes the rota-
tion speed of the fourth sun gear Sd to become “0”. Engaging
the third clutch C3 causes the rotation speed of the fourth ring
gear Rd to become “1” which is the same speed as the rotation
speed of the third sun gear Sc connected to the input shaft 12.
Since the rotation speed of the fourth sun gear Sd becomes
“0” and the rotation speed of the fourth ring gear Rd becomes
“1” as described above, the rotation speed of the fourth carrier
Cd, i.e. the rotation speeds of the fourth carrier Cd, the third
carrier Cc, and the first ring gear Ra, becomes k/(k+1). As a
result, the rotation speed of the second ring gear Rb to which
the output gear 29 is connected becomes “3rd” shown in FI1G.
4 and the third gear is established.

When the fourth gear is established, the first brake B1 is
engaged, the second brake B2 is set to the reverse rotation
preventing state, the second clutch C2 is engaged, and the
third clutch C3 is engaged. Setting the second brake B2 to the
reverse rotation preventing state allows the forward rotation
of'the first carrier Ca and the second carrier Cb. Engaging the
first brake B1 causes the rotation speed of the first sun gear Sa
to become “0”. Engaging the second clutch C2 causes the
fourth sun gear Sd, the third ring gear Re, and the second sun
gear Sb to rotate at the same speed. This causes the third
carrier Cc and the fourth carrier Cd to be coupled to each other
and the third ring gear Rc and the fourth sun gear Sd to be
coupled to each other between the third planetary gear
mechanism PGSc and the fourth planetary gear mechanism
PGSd. Hence, in the fourth gear in which the second clutch
C2 is engaged, one collinear chart including the four elements
can be drawn with the third planetary gear mechanism PGSc
and the fourth planetary gear mechanism PGSd.

Moreover, engaging the third clutch C3 causes the rotation
speed of the fourth ring gear Rd to become “1” which is the
same speed as the rotation speed of the third sun gear Sc and
the rotation speeds of two elements out of the four elements
included in the third planetary gear mechanism PGSc and the
fourth planetary gear mechanism PGSd become the same
speed of “1”. As a result, the elements of the third planetary
gear mechanism PGSc and the fourth planetary gear mecha-
nism PGSd are set to a locked state in which the elements
cannot rotate relative to each other, and the rotation speeds of
all of the elements of the third planetary gear mechanism
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PGSc and the fourth planetary gear mechanism PGSd
become “1”. Then, the rotation speeds of the first carrier Ca
and the second carrier Cb become h/(h+1), the rotation speed
of the second ring gear Rb to which the output gear 29 is
connected becomes “4th” shown in FIG. 4, and the fourth
gear is established.

When the fifth gear is established, the first brake B1 is
engaged, the second brake B2 is set to the reverse rotation
preventing state, the first clutch C1 is engaged, and the third
clutch C3 is engaged. Setting the second brake B2 to the
reverse rotation preventing state allows the forward rotation
of'the first carrier Ca and the second carrier Cb. Engaging the
first brake B1 causes the rotation speed of the first sun gear Sa
to become “0”. Engaging the first clutch C1 causes the rota-
tion speeds of the first carrier Ca and the second carrier Cb to
become “1” which is the same speed as the rotation speed of
the third sun gear Sc. As a result, the rotation speed of the
second ring gear Rb to which the output gear 29 is connected
becomes “5th” shown in FIG. 4 and the fifth gear is estab-
lished.

Note that there is no need to engage the third clutch C3 to
establish the fifth gear. However, since the third clutch C3
needs to be engaged in the fourth gear and the sixth gear
which are adjacent to the fifth gear, engaging the third clutch
C3 while the fifth gear is established allows smooth shifting to
the fourth gear or the sixth gear.

When the sixth gear is established, the second brake B2 is
set to the reverse rotation preventing state, the first clutch C1
is engaged, the second clutch C2 is engaged, and the third
clutch C3 is engaged. Setting the second brake B2 to the
reverse rotation preventing state allows the forward rotation
of'the first carrier Ca and the second carrier Cb. As described
in the fourth gear, engaging the second clutch C2 and the third
clutch C3 causes the third planetary gear mechanism PGSc
and the fourth planetary gear mechanism PGSd to be setto a
locked state and causes the rotation speeds of the third ring
gear Rc and the second sun gear Sb to become “1”. Engaging
the first clutch C1 causes the rotation speeds of the first carrier
Ca and the second carrier Cb to become “1”".

In the second planetary gear mechanism PGSb, the rotation
speeds of the second carrier Cb and the second sun gear Sh
thereby become the same speed of “1” and the elements are
set to the locked state in which the elements cannot rotate
relative to each other. As a result, the rotation speed of the
second ring gear Rb to which the output gear 29 is connected
becomes “1” of “6th” shown in FIG. 4 and the sixth gear is
established.

When the seventh gear is established, the second brake B2
is set to the reverse rotation preventing state, the third brake
B3 is engaged, the first clutch C1 is engaged, and the third
clutch C3 is engaged. Setting the second brake B2 to the
reverse rotation preventing state allows the forward rotation
of'the first carrier Ca and the second carrier Cb. Engaging the
third brake B3 causes the rotation speed of the fourth sun gear
Sd to become “0”. Engaging the third clutch C3 causes the
rotation speed of the fourth ring gear Rd to become “1”” which
is the same speed as the rotation speed of the third sun gear Sc,
and causes the rotation speeds of the third carrier Cc, the first
ring gear Ra, and the fourth carrier Cd to become k/(k+1).
Engaging the first clutch C1 causes the rotation speeds of the
first carrier Ca and the second carrier Cb to become “1”” which
is the same speed as the rotation speed of the third sun gear Sc
connected to the input shaft 12. As a result, the rotation speed
of the second ring gear Rb to which the output gear 29 is
connected becomes “7th” shown in FIG. 4 and the seventh
gear is established.
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When the eighth gear is established, the second brake B2 is
set to the reverse rotation preventing state, the third brake B3
is engaged, the first clutch C1 is engaged, and the second
clutch C2 is engaged. Setting the second brake B2 to the
reverse rotation preventing state allows the forward rotation
of'the first carrier Ca and the second carrier Cb. Engaging the
third brake B3 causes the rotation speed of the fourth sun gear
Sd to become “0”. Engaging the second clutch C2 causes the
rotation speeds of third ring gear Rc and the second sun gear
Sb to become “0” which is the same speed as the rotation
speed of the fourth sun gear Sd. Engaging the first clutch C1
causes the rotation speeds of the first carrier Ca and the
second carrier Cb to become “1” which is the same speed as
the rotation speed of the third sun gear Sc. As a result, the
rotation speed of the second ring gear Rb to which the output
gear 29 is connected becomes “8th” shown in FIG. 4 and the
eighth gear is established.

When the ninth gear is established, the second brake B2 is
set to the reverse rotation preventing state, the third brake B3
is engaged, the fourth brake B4 is engaged, and the first clutch
C1 is engaged. Setting the second brake B2 to the reverse
rotation preventing state allows the forward rotation of the
first carrier Ca and the second carrier Cb. Engaging the third
brake B3 causes the rotation speed of the fourth sun gear Sd
to become “0”. Engaging the fourth brake B4 also causes the
rotation speed of the fourth ring gear Rd to become “0”. This
sets the fourth planetary gear mechanism PGSd to the locked
state and causes the rotation speeds of the fourth carrier Cd,
the third carrier Cc and the first ring gear Ra to become “0”.

Engaging the first clutch C1 causes the rotation speeds of
the first carrier Ca and the second carrier Cb to become “1”
which is the same speed as the rotation speed of the third sun
gear Sc. As a result, the rotation speed of the second ring gear
Rb to which the output gear 29 is connected becomes “9th”
shown in FIG. 4 and the ninth gear is established.

When the tenth gear is established, the second brake B2 is
set to the reverse rotation preventing state, the fourth brake B4
is engaged, the first clutch C1 is engaged, and the second
clutch C2 is engaged. Setting the second brake B2 to the
reverse rotation preventing state allows the forward rotation
of'the first carrier Ca and the second carrier Cb. Engaging the
second clutch C2 causes the third ring gear Rc and the second
sun gear Sb to rotate at the same speed as the fourth sun gear
Sd. Engaging the fourth brake B4 causes the rotation speed of
the fourth ring gear Rd to become “0”. Engaging the first
clutch C1 causes the rotation speeds of the first carrier Ca and
the second carrier Cb to become “1”” which is the same speed
as the rotation speed of the third sun gear Sc. As a result, the
rotation speed of the second ring gear Rb to which the output
gear 29 is connected becomes “10th” shown in F1G. 4 and the
tenth gear is established.

When the reverse gear is established, the second brake B2
is set to the forward rotation preventing state, the third brake
B3 is engaged, and the third clutch C3 is engaged. Engaging
the third brake B3 and the third clutch C3 causes the rotation
speeds of the third carrier Cc, the first ring gear Ra, and the
fourth carrier Cd to become k/(k+1). Setting the second brake
B2 to the forward rotation preventing state prevents the for-
ward rotation of'the first carrier Ca and the second carrier Cb
and causes the rotation speeds of the first carrier Ca and the
second carrier Cb to become “0”. As a result, the rotation
speed of the second ring gear Rb to which the output gear 29
is connected becomes “Rvs” shown in FIG. 4 and the reverse
gear is established.

Next, description is given of reduction of friction in the
thrust bearings.
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The thrust load F2 acting leftward in the drawing acts on
the second sun gear Sb of the second planetary gear mecha-
nism PGSb in all forward gears (see FIGS. 7 and 11). The
thrust load F2 is transmitted from the second sun gear Sb to
the input shaft via the seventh thrust bearing T7, the third
carrier Cc of the third planetary gear mechanism PGSc, the
eighth thrust bearing T8, and the third sun gear Sc of the third
planetary gear mechanism PGSc. Then, the thrust load F2 is
transmitted from the input shaft 12 to the transmission case 13
via the clutch hub 40 of the third clutch C3, and the thirteenth
thrust bearing T13.

In this case, as shown in FIG. 3, the distance L1 from the
load transmitting surface P1, where thrust load is transmitted
from the second sun gear Sb of the second planetary gear
mechanism PGSb to the seventh thrust bearing T7, to the load
receiving surface P2, where the thrust plate 49 receives the
thrust load from the twelfth thrust bearing T12, is set to be
greater than the sum of the axial lengths of the seventh thrust
bearing T7, the third carrier Cc of the third planetary gear
mechanism PGSc, the ninth thrust bearing T9, the clutch
drum 31 of the second clutch C2, the shim 50, the fourth sun
gear Sd of the fourth planetary gear mechanism PGSd, the
tenth thrust bearing T10, the fourth carrier Cd of the fourth
planetary gear mechanism PGSd, the eleventh thrust bearing
T11, the clutch drum 39 of the third clutch C3, and the twelfth
thrust bearing T12 which are disposed between the load trans-
mitting surface P1 and the load receiving surface P2. Accord-
ingly, the thrust load F2 of the second sun gear Sb of the
second planetary gear mechanism PGSb is transmitted to the
transmission case 13 via the input shaft 12 through the short-
est route. As a result, the thrust load F2 is prevented from
being transmitted through many parts such as the fourth plan-
etary gear mechanism PGSd, the thrust bearings T9 to T12 or
the like and reduction of friction and reduction of thickness of
each part is thus made possible.

Moreover, in the third gear and the fourth gear, the thrust
load F4 (see FIGS. 7 and 15) acting leftward in the drawing
acts on the fourth ring gear Rd of the fourth planetary gear
mechanism PGSd. The thrust load F4 can be transmitted from
the fourth ring gear Rd to the input shaft 12 via the clutch
drum 39, the twelfth thrust bearing T12, and the thrust plate
49, and then supported by the transmission case 13 via the
thirteenth thrust bearing T13 from the input shaft 12.

FIG. 6 shows a procedure of determining thickness of the
shim 50 (see FIG. 3). First, the third clutch C3, the fourth
brake B4, the third brake B3, the fourth planetary gear mecha-
nism PGSd, orthe like are assembled to the outer periphery of
the input shaft 12. In this state, a distance X from a surface to
come in contact with the shim 50, of the fourth sun gear Sd of
the fourth planetary gear mechanism PGSd to a right end, in
the drawing, of the third sun gear Sc of the third planetary gear
mechanism PGSc spline-coupled to the input shaft 12 in
advance is measured.

Next, a distance Y from a left end (a surface to come in
contact with the shim 50) to a right end (a surface to come in
contact with the ninth thrust bearing T9), in the drawing, of
the clutch drum 31 of the second clutch C2 assembled in
advance as a sub-assembly is measured. Moreover, the third
carrier Cc, the third pinions Pc, the eighth thrust bearing T8,
and the ninth thrust bearing T9 are assembled to each other as
a sub-assembly in advance and a distance Z from a left end of
the ninth thrust bearing T9 in the drawing to a left end of the
eighth thrust bearing T8 in the drawing is measured. Then, the
thickness of the shim 50 is determined to be a value slightly
smaller than X-(Y+Z). The shim 50 corresponding to the
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determined thickness can be selected from multiple types of
shims 50 different in thickness which are prepared in
advance, so as to be used.

When the sub-assembly of the third carrier Cc assembled
in advance is assembled in such a way as to be fitted to the
outer periphery of the input shaft 12 as described above, the
inner periphery spline SPi of the third carrier Cc passes an
outer periphery of the third sun gear Sc from right to leftin the
drawing. Inthis case, since the radius r1 of the inner periphery
spline SPi of the third carrier Cc is set to be larger than the
radius r2 of the third sun gear Sc, the sub-assembly of the third
planetary gear mechanism PGSc can be assembled without
interfering with the third sun gear Sc.

Since the shim 50 is disposed between the fourth sun gear
Sd of the fourth planetary gear mechanism PGSd and the
clutch drum 31 of the second clutch C2 which can couple the
third ring gear Rc of the third planetary gear mechanism
PGSc and the fourth sun gear Sd of the fourth planetary gear
mechanism PGSd to each other as described above, the inser-
tion of the shim 50 does not affect relative distances among
the elements of the fourth planetary gear mechanism PGSd or
distances among elements of the second clutch C2. In addi-
tion, since the shim 50 can be disposed by using a dead space
between the fourth planetary gear mechanism PGSd and the
second clutch C2, the increase of an axial dimension of the
automatic transmission T can be suppressed to a minimum.

As shown in FIG. 2, an end portion, on a left side in the
drawing, of the first carrier Ca of the first planetary gear
mechanism PGSa and an end portion, on a left side in the
drawing, of the connection member 21 extending from the
clutch hub 22 of the first clutch C1 abut on each other in the
abutting portion 51. Accordingly, the thrust load acting right-
ward in the drawing on the second sun gear Sb of the second
planetary gear mechanism PGSb during deceleration travel-
ing of a vehicle (during engine brake operation) or during
reverse traveling of the vehicle is transmitted to the stator
shaft 19 (transmission case 13) in a route from the fifth thrust
bearing T5 to the connection member 27, to the sixth thrust
bearing T6, to the first carrier Ca of the first planetary gear
mechanism PGSa, to the abutting portion 51, to the connec-
tion member 21, to the clutch hub 22 of the first clutch C1, to
the second thrust bearing T2, to the clutch drum 23 of the first
clutch C1, to the shim 52, and then to the first thrust bearing
T1.

Here, assume that there is no abutting portion 51. In this
case, the load inputted from the sixth thrust bearing T6 to the
first carrier Ca of the first planetary gear mechanism PGSa is
transmitted from the clutch hub 22 of the first clutch C1 to the
second thrust bearing T2 in a route from the fourth thrust
bearing T4 to the first sun gear Sa of the first planetary gear
mechanism PGSa, and to the third thrust bearing T3, without
passing through the connection member 21. Hence, large
friction is generated in the fourth thrust bearing T4 and the
third thrust bearing T3 which are disposed on opposite sides
of the first sun gear Sa, which rotates at a high speed, of the
first planetary gear mechanism PGSa. Moreover, the configu-
ration in which the thrust load is transmitted through the
fourth thrust bearing T4 and the third thrust bearing T3 has a
problem that the number of types of thickness of the shim 52
needs to be increased to compensate dimensional tolerances
of'the fourth thrust bearing T4 and the third thrust bearing T3.

Meanwhile, in the embodiment, the abutting portion 51 is
provided and the thrust load thereby bypasses the fourth
thrust bearing T4 and the third thrust bearing T3 between
which the first sun gear Sa of the first planetary gear mecha-
nism PGSa is interposed. Accordingly, it is possible not only
to reduce the friction in the fourth thrust bearing T4 and the
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third thrust bearing T3 but also to reduce the number of types
of thickness of the shim 52 because there is no need to con-
sider the dimensional tolerances of the fourth thrust bearing
T4 and the third thrust bearing T3.

At this time, the distance L2 from the load transmitting
surface P3, where the thrust load is transmitted from the first
carrier Ca of the first planetary gear mechanism PGSa to the
fourth thrust bearing T4, to the load receiving surface P4,
where the clutch hub 22 of the first clutch C1 receives the
thrust load from the third thrust bearing T3, is set to be greater
than the sum of the axial lengths of the fourth thrust bearing
T4, the first sun gear Sa of the first planetary gear mechanism
PGSa, and the third thrust bearing T3. Accordingly, it is
possible to avoid a case where the thrust load inputted from
the second planetary gear mechanism PGSb and acting right-
ward in the drawing is transmitted to the transmission case 13
through the fourth thrust bearing T4 and the third thrust
bearing T3, and to surely reduce the friction.

Note that the end portion of the first carrier Ca of the first
planetary gear mechanism PGSa in which the abutting por-
tion 51 is provided also serves as a holding portion of the sixth
thrust bearing T6.

Next, description is given of setting directions of the tor-
sion angles of the helical gears in the first planetary gear
mechanism PGSa, the second planetary gear mechanism
PGSb, the third planetary gear mechanism PGSc, and the
fourth planetary gear mechanism PGSd.

Since the second ring gear Rb of the second planetary gear
mechanism PGSb is formed integrally with the output gear
29, the thrust load F2 generated by the second ring gear Rb
and acting rightward in the drawing is transmitted to the
transmission case 13 through the output gear 29 and the ball
bearings 30. Accordingly, the thrust load F2 generated by the
second sun gear Sb of the second planetary gear mechanism
PGSb and acting leftward in the drawing cannot be directly
canceled out by the thrust load F2 generated by the second
ring gear Rb of the second planetary gear mechanism PGSb
and acting rightward in the drawing, and needs to be sup-
ported by being transmitted to the transmission case 13
through some route. At this time, if the thrust load F2 of the
second sun gear Sb acting leftward in the drawing can be
canceled out by a thrust load generated by another planetary
gear mechanism, friction of a thrust bearing existing inaroute
through which the thrust load F2 is transmitted to the trans-
mission case 13 can be reduced.

In view of this, in the embodiment, as shown in FIG. 11, the
thrust load F2, acting leftward in the drawing, generated by
the second sun gear Sb of the second planetary gear mecha-
nism PGSDb is immediately canceled out in the connection
member 28 by the thrust load F3, acting rightward in the
drawing, generated by the third ring gear Rc of the third
planetary gear mechanism PGSc adjacent to the second sun
gear Sb, and only a thrust load F2-F3 which is a difference
between these thrust loads is transmitted to the transmission
case 13 via the eighth thrust bearing T8, the third sun gear Sc
of the third planetary gear mechanism PGSc, the input shaft
12, and the thirteenth thrust bearing T13.

As is apparent from FIG. 10, in the embodiment, the thrust
load F2 of the second sun gear Sb acting leftward in the
drawing is larger than the thrust load F3 of the third ring gear
Rc acting rightward in the drawing in all of the forward gears,
and the thrust load F2-F3 which is a difference between these
thrust loads always acts leftward in the drawing. However,
there is no need to always establish the aforementioned rela-
tionship of F2>F3 and the torsion angles of the gears can be
set in such a way that the relationship of F2<F3 is established
in low gears (for example, the first gear and the second gear).
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This is because loss of power transmission is inherently large
in the low gears used in start and low-speed travelling and an
obtained friction reduction effect is small even when the
relationship of F2>F3 is established.

Moreover, although the thrust load F2 of the second sun
gear Sb acting leftward in the drawing is inputted to the
seventh thrust bearing T7 and the eighth thrust bearing T8,
loads acting on the seventh thrust bearing T7 and the eighth
thrust bearing T8 can be reduced by cancelling out part of the
thrust load F2 by the thrust load F3 of the third ring gear Re
acting rightward in the drawing.

Note that, in FIG. 11, it is assumed that no load acts on the
first planetary gear mechanism PGSa and the fourth planetary
gear mechanism PGSd.

As shown in FIGS. 7 and 12, the thrust loads F1 act on the
first sun gear Sa and the first ring gear Ra of the first planetary
gear mechanism PGSa only in the first to fifth gears. More-
over, the thrust load F1 of the first sun gear Sa acting leftward
in the drawing and the thrust load F1 of the first ring gear Ra
acting rightward in the drawing are equal to each other. Then,
the thrust load F1 of the first sun gear Sa acting leftward in the
drawing is transmitted to the first ring gear Ra through a route
from the fourth thrust bearing T4 to the first carrier Ca, to the
sixth thrust bearing T6, and to the connection member 27 and
is completely canceled out by the thrust load F1 of the first
ring gear Ra acting rightward in the drawing. Accordingly, the
thrust loads F1 do not affect the other planetary gear mecha-
nisms.

The direction of the thrust load acting on the sun gear of
each planetary gear mechanism is determined by the rotating
direction (direction of torque) of the sun gear and the direc-
tion of the torsion angle on a tooth surface. Since the direction
of'the torsion angle does not change, the direction of the thrust
load changes according to the change in the rotating direction.
Moreover, in the single-pinion planetary gear mechanism, the
thrust load acting on the sun gear and the thrust load acting on
the ring gear act in directions opposite to each other.

In the embodiment, since the rotating direction (direction
of torque) of the fourth sun gear Sd of the fourth planetary
gear mechanism PGSd is as shown in FIG. 7, the thrust loads
F4 of the fourth sun gear Sd and the fourth ring gear Rd of the
fourth planetary gear mechanism PGSd act rightward and
leftward, respectively, in the drawing in the third gear, the
fourth gear, and the reverse gear but changes to act leftward
and rightward, respectively, in the drawing in the sixth gear,
the seventh gear, the ninth gear, and the tenth gear. The fol-
lowing operations and effects can be obtained by setting the
directions of the thrust loads F4 of the fourth sun gear Sd and
the fourth ring gear Rd as described above.

As shown in FIG. 8, the ninth gear and the tenth gear which
are high gears have a problem that the differential rotation of
the twelfth thrust bearing T12 reaches 1000 rpm which is the
maximum and the friction increases. However, setting the
directions of the thrust loads F4 of the fourth sun gear Sd and
the fourth ring gear Rd as described above causes the thrust
loads F4 of the fourth sun gear Sd and the fourth ring gear Rd
to be canceled out in the tenth thrust bearing T10 and the
eleventh thrust bearing T11 in the ninth gear and the tenth
gear as shown in FIG. 13. Hence, no thrust loads are trans-
mitted to the twelfth thrust bearing T12 where the differential
rotation is large, and the friction of the twelfth thrust bearing
T12 can be effectively reduced.

Incidentally, in the sixth gear, the thrust load F4 acting
rightward in the drawing on the fourth sun gear Sd of the
fourth planetary gear mechanism PGSd becomes large (see
FIG. 10). Here, assume that the directions of the thrust loads
F4 acting on the fourth ring gear Rd and the fourth sun gear Sd
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of the fourth planetary gear mechanism PGSd are set to be
reversed from those in the embodiment which are described
in FIG. 13. In this case, as shown in FIG. 14, the thrust load
F2-F3 acting leftward in the drawing and the thrust load F4
acting rightward in the drawing and transmitted from the
fourth sun gear Sd via the ninth thrust bearing T9 are inputted
to the seventh thrust bearing T7. Since the thrust load F4
acting rightward in the drawing becomes large in the sixth
gear, F2-F3-F4 which is a combined force of the thrust load
F2-F3 and the thrust load F4 takes a negative value and may
bias the seventh thrust bearing T7 rightward in the drawing.

In such a situation, the thrust load biasing the seventh thrust
bearing T7 rightward in the drawing is transmitted to the
stator shaft 19 (transmission case 13) through a route from the
seventh thrust bearing T7 to the fifth thrust bearing T5, to the
sixth thrust bearing T6, to the second thrust bearing T2, and to
the first thrust bearing T1, and friction of each of the five
thrust bearings T7 to T5, T2, T1 existing in the route
increases.

In view of this, the torsion angles of the helical gears need
to be set in such a way that the thrust load F4 of the fourth sun
gear Sd of the fourth planetary gear mechanism PGSd acts
leftward in the drawing in the sixth gear, the seventh gear, the
ninth gear, and the tenth gear.

Incidentally, as described above, when the torsion angles of
the helical gears are set in such a way that the thrust load F4
of the fourth sun gear Sd of the fourth planetary gear mecha-
nism PGSd acts leftward in the drawing in the sixth gear, the
seventh gear, the ninth gear, and the tenth gear, the direction
of the thrust load F4 of the fourth sun gear Sd of the fourth
planetary gear mechanism PGSd is reversed in the third gear
and the fourth gear and acts rightward in the drawing (see
FIG. 7). Accordingly, as described in FIG. 14, the thrust load
F4 of the fourth sun gear Sd may be transmitted to the five
thrust bearings T7 to T5, T2, T1.

However, since the thrust load F4 of the fourth sun gear Sd
acting rightward in the drawing in the third gear and the fourth
gear is small compared to the thrust load F4 of the fourth sun
gear Sd acting rightward in the drawing in the sixth gear (see
FIG. 10), F2-F3-F4 which is the combined force of the thrust
load F2-F3 and the thrust load F4 does not take a negative
value. Accordingly, it is possible to avoid a situation where
the thrust load F4 is transmitted to the stator shaft 19 (trans-
mission case 13) via the five thrust bearings T7 to T5, T2, T1
(see FIG. 15).

Moreover, the thrust load F4 of the fourth ring gear Rd of
the fourth planetary gear mechanism PGSd acting leftward in
the drawing is transmitted to the twelfth thrust bearing T12 in
the third gear and the fourth gear. However, since the differ-
ential rotation of the twelfth thrust bearing T12 is zero in the
third gear and the fourth gear (see FIG. 8), the problem of
increase in friction of the twelfth thrust bearing T12 does not
occur even when the thrust load F4 is inputted.

The embodiment of the present invention has been
described above. However, various design changes can be
made in the present invention within a scope not departing
from the gist of the invention.

For example, although the third sun gear Sc of the third
planetary gear mechanism PGSc is spline-coupled to the
input shaft 12 in the embodiment, the third sun gear Sc may be
formed integrally with the input shaft 12.

Moreover, although the second brake B2 is formed of the
two-way clutch in the embodiment, the second brake B2 can
be formed of a multi-plate brake.

Furthermore, in the embodiment, the thirteenth thrust bear-
ing T13 transmits the thrust load inputted from the input shaft
12, to the transmission case 13 via an outer ring of the ball
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bearing 48. However, it is possible to eliminate the thirteenth
thrust bearing T13 and replace the ball bearing 48 with a ball
bearing capable of also supporting the thrust load (for
example, an angular ball bearing), thereby transmitting the
thrust load inputted from the input shaft 12 to the transmission
case 13.

What is claimed is:

1. An automatic transmission, comprising:

a transmission case,

an input shaft, and

a plurality of planetary gear mechanisms disposed on the

input shaft and housed in the transmission case, in which

a gear stage is established by controlling a coupling

relationship among elements of the plurality of plan-

etary gear mechanisms, the input shaft, and the trans-
mission case by using a plurality of clutches and a plu-
rality of brakes,

wherein said plurality of planetary gear mechanisms com-

prise:
aplanetary gear mechanism o including a sun gear unro-
tatable relative to the input shaft;
a planetary gear mechanism 3 disposed adjacent to the
planetary gear mechanism «, in which elements are
rotatable relative to each other; and
a planetary gear mechanism y disposed on an opposite
side to the planetary gear mechanism [} with the plan-
etary gear mechanism o interposed therebetween, in
which elements are rotatable relative to each other,
wherein the planetary gear mechanism o and the planetary
gear mechanism y are disposed adjacent to each other,

wherein the clutches comprise: a clutch a capable of cou-
pling aring gear of the planetary gear mechanism y to the
input shaft;

wherein the automatic transmission further comprises a

thrust bearing o disposed between the sun gear of the

planetary gear mechanism o and a sun gear of the plan-
etary gear mechanism [3; and

wherein the automatic transmission further comprises a

thrust bearing [ disposed between a clutch hub of the

clutch a and the transmission case.

2. The automatic transmission according to claim 1, further
comprising:

a first member extending inward in a radial direction from

the ring gear of the planetary gear mechanism y;

a second member fixed between the clutch hub of the clutch

o and the first member to be unrotatable relative to the

input shaft and extending outward in the radial direction;

and

a thrust bearing y disposed between the first member and

the second member.

3. The automatic transmission according to claim 2,
wherein a distance from a load transmitting surface, where a
thrust load is transmitted from the sun gear of the planetary
gear mechanism f to the thrust bearing o, to a load receiving
surface, where the second member receives the thrust load
from the thrust bearing v, is set to be greater than a sum of
axial lengths of a plurality of parts disposed between the load
transmitting surface and the load receiving surface.

4. The automatic transmission according to claim 1, further
comprising a connection member fitted to an outer periphery
of'the input shaft to be rotatable relative thereto and connect-
ing a carrier of the planetary gear mechanism y and a carrier
of the planetary gear mechanism a to each other,

wherein an outer periphery spline configured to be fitted to

an inner periphery spline of the carrier of the planetary

gear mechanism « is formed in one end portion of the
connection member in the axial direction, and
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wherein an inner radius of the inner periphery spline is
larger than an outer radius of the sun gear of the plan-
etary gear mechanism o.

5. The automatic transmission according to claim 3,
wherein a shim is disposed between a sun gear of the plan-
etary gear mechanism y and a second transmission member of
aclutch f capable of coupling aring gear of the planetary gear
mechanism o and the sun gear of the planetary gear mecha-
nism v to each other.

6. The automatic transmission according to claim 1, further
comprising a first connection member connecting a ring gear
of'the planetary gear mechanism o and a sun gear of planetary
gear mechanism f to each other,

wherein the clutch a is disposed on an opposite side to the
planetary gear mechanism o with the planetary gear
mechanism v interposed therebetween,

wherein the thrust bearing { is disposed between the clutch
hub of the clutch o and the transmission case,

wherein the thrust bearing o includes a thrust bearing o'
disposed between the first connection member and a
carrier of the planetary gear mechanism «, and

wherein the ring gear of the planetary gear mechanism o
and the sun gear of the planetary gear mechanism f are
formed of helical gears and generate thrust loads of
directions opposite to each other.

7. The automatic transmission according to claim 6, further

comprising:

a planetary gear mechanism d disposed on the opposite
side to the planetary gear mechanism o with the plan-
etary gear mechanism { interposed therebetween;

a second connection member connecting a ring gear of the
planetary gear mechanism 0 and the carrier of the plan-
etary gear mechanism o to each other; and

athrust bearing 8 disposed between the second connection
member and a sun gear of the planetary gear mechanism
65

wherein the ring gear of the planetary gear mechanism 0
formed of a helical gear generates a thrust load acting
toward an opposite side to the planetary gear mechanism
[, and the sun gear of the planetary gear mechanism &
formed of a helical gear generates a thrust load acting
toward the planetary gear mechanism f3.

8. The automatic transmission according to claim 7, further

comprising:

a third connection member connected to a sun gear of the
planetary gear mechanism y;

a fourth connection member disposed between the plan-
etary gear mechanism y and the clutch o and extending
inward in the radial direction from the ring gear of the
planetary gear mechanism y;

atransmission member fixedly provided on the input shaft;

a thrust bearing € disposed between the third connection
member and the carrier of the planetary gear mechanism
o
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a thrust bearing C disposed between the sun gear and a

carrier of the planetary gear mechanism y; and

a thrust bearing m disposed between the carrier of the

planetary gear mechanism v and the fourth connection
member,

wherein the thrust bearing y is disposed between the fourth

connection member and the transmission member, and

wherein the ring gear of the planetary gear mechanism y

formed of a helical gear generates a thrust load acting
toward the planetary gear mechanism o and the sun gear
of the planetary gear mechanism y formed of a helical
gear generates a thrust load acting toward the clutch a.

9. The automatic transmission according to claim 7,

wherein the planetary gear mechanism «, the planetary

gear mechanism f3, the planetary gear mechanism vy, and
the planetary gear mechanism O are all single-pinion
planetary gear mechanisms, and

wherein sun gears of the four planetary gear mechanisms

each generate a thrust load acting toward the clutch c.

10. The automatic transmission according to claim 2, fur-
ther comprising a connection member fitted to an outer
periphery of the input shaft to be rotatable relative thereto and
connecting a carrier of the planetary gear mechanism y and a
carrier of the planetary gear mechanism « to each other,

wherein an outer periphery spline configured to be fitted to

an inner periphery spline of the carrier of the planetary
gear mechanism « is formed in one end portion of the
connection member in the axial direction, and

wherein an inner radius of the inner periphery spline is

larger than an outer radius of the sun gear of the plan-
etary gear mechanism o.

11. The automatic transmission according to claim 3, fur-
ther comprising a connection member fitted to an outer
periphery of the input shaft to be rotatable relative thereto and
connecting a carrier of the planetary gear mechanism y and a
carrier of the planetary gear mechanism « to each other,

wherein an outer periphery spline configured to be fitted to

an inner periphery spline of the carrier of the planetary
gear mechanism « is formed in one end portion of the
connection member in the axial direction, and

wherein an inner radius of the inner periphery spline is

larger than an outer radius of the sun gear of the plan-
etary gear mechanism o.

12. The automatic transmission according to claim 8,

wherein the planetary gear mechanism «, the planetary

gear mechanism f3, the planetary gear mechanism vy, and
the planetary gear mechanism O are all single-pinion
planetary gear mechanisms, and

wherein sun gears of the four planetary gear mechanisms

each generate a thrust load acting toward the clutch c.
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